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Introduction
The quality of a certain habitat is mainly determined by the large scale heterogeneity in the chosen landscape but also the variability of the structural complexity on the micro scale. Habitat complexity is regarded a key component for most arthropod communities (Thomas & Marshall 1999 , Lassau et al. 2005 . Structural variability of the microhabitat functions both as a driving force for arthropod dispersal (Crist et al. 1992 , Martin et al. 2001 and sustains arthropod diversity (Gardner et al. 1995 , Benton et al. 2003 , Boulton et al. 2005 .
By moving in or out of different habitat patches in a heterogeneous landscape, an organ-ism may alter its fitness (Travis & Dytham 1999) . For instance, the small scale daily movements or habitat choices of arthropods have many possible explanations such as food search and protection from predation (Harwood et al. 2001 , Ferguson 2004 ), or balancing out environmental factors like heat or draught (Thiele 1977) . Other reasons for specific distributions patterns of arthropods may be due to habitat fragmentation (Schtickzelle & Baguette 2003) or the spatial arrangement of local landscape elements (Thomas et al. 1998 , Jopp & Reuter 2005 .
There are some experimental studies which have studied the relationship between arthropod habitat choice and small scale structural complexity in specific. For instance, Crist et al. (1992) , Johnson et al. (1992) and McIntyre and Wiens, (1999) showed that the moving behaviour of Tenebrionid beetles (Elodes spp.) was mainly regulated by various habitat characteristics. Kindvall et al. (2000) found comparable strong interactions between substrate variability and the moving behaviour of Pine weevils (Hylobius abietis).
In Gunnarsson et al. (2004) , we showed that certain forestry activities i.e., harvest of slash (logging residues from clear-cuttings) for biofuel in commercial mixed and coniferous forests, caused changes of the ground layer complexity, with important effects on ground-beetle populations. We found a significant positive relationship between microhabitat complexity (i.e. aboveground height of slash heaps) and beetle abundance. Moreover, species richness of morpho species (i.e., beetle specimens were separated into recognizable taxonomic units (RTUs) for estimates of species richness according to Oliver & Beattie 1993 , 1996 was significantly lower in sites were slash was removed than in sites where slash was left on the ground (Gunnarsson et al. 2004) . Furthermore, in a follow-up experiment, we investigated how carabids reacted to manipulations of the microhabitat complexity on the ground of clear-cuts. We collected significantly more carabid individuals in the high complexity patches (slash covered spots) than in the low complexity patches (bare ground spots) in the field experiment and also we found a significant positive correlation between the number of carabids and the aboveground height of slash, in non-manipulated, reference plots (Nittérus & Gunnarsson 2006) .
The aim of the present study is to explore the mechanisms for carabid habitat choice, on the micro scale under more controlled circumstances. The study is therefore carried out in two test arenas in the laboratory by using field-collected beetles. Carabid beetles (Coleoptera: Carabidae) were chosen as study objects, since carabids in general are common, widespread, and inhabit or hunt for prey on the ground of most forested ecosystems (Thiele 1977 , Larsen et al. 2003 ). The two selected species Pterostichus oblongopunctatus (Fabricius) and Carabus hortensis Linneaus are typical forest species, frequent in clear-cuts all over Sweden and both species have been collected in our previous studies. The main study hypothesis is that the two carabid species will spend more time in high complexity patches (slash covered spots) than in the low complexity patches (bare ground spots) as found in our previous experiments in the field.
Material and methods

Sampling of carabids and organic material
In September 2002, 26 living specimens of the two chosen carabid species, i.e., Pterostichus oblongopunctatus and Carabus hortensis (for further information on their biology see Table 1 .) were collected by use of pitfall traps on a 1-year old clear-cut. The clear-cut was located in southern Sweden, approx. 57º50'N, 12º9'E. Pitfall traps were emptied every third day and no preservatives were used. All living specimens of the two selected species were brought back to the laboratory and kept, solitary in moisturized containers, in the refrigerator (+8°C) for approximately 15 days. To synchronize the feeding state of the collected beetles, no feeding was carried out during the entire experiment (from collection in the field to the end of the experiment). Fourteen hours before experimental start-up, the beetles were removed from the refrigerator for acclimatization in room temperature. To synchronize the day-rhythm of beetles prior to the experiment, each specimen was illuminated with an 11-Watts fluorescent tube during the first twelve hours, to simulate day-light and reduce night-active behaviour (Thiele 1977 , Lindroth 1985 , 1986 ). However, the last two hours prior to the experiment, the fluorescent tube was shut off to stimulate their night-active behaviour.
The organic material, i.e. layers of moss (Hypnum cupressiforme) and logging residue (slash) covering the bottom of the two test arenas (described below), was gathered on the ground of the same clear-cut as above a couple of weeks prior to the experiment. To defaunate the moss layer and slash from possible preys prior to the experiment, the material was first dehydrated for 3 weeks indoors (in room temperature) and searched through by hand, before being placed in the test arenas.
Test arenas
Two circular shaped test arenas were constructed, made out of corrugated 2-mm isolation-plastic consisting of a bottom joined together with an enclosure-barrier (Fig. 1) . The diameter of each arena was 0.8 m and the barrier height was 0.12 m.
The organic material within the arenas was arranged in two separate ways (Fig.1) ; either with an elongated bare ground spot in the middle surrounded by slash (arena A), or with an elongated slash covered spot in the middle surrounded by bare ground (arena B). The bare layers of moss (~3 cm thick) without any slash cover simulated "bare ground" while the~8 cm high spots of slash on top of the~3 cm thick layers of moss simulated "slash covered ground". Both types of "ar-rangements" included equal areas of bare and slash covered ground as well as equal amounts of slash and moss on the bottom of the arenas. The somewhat complex shape of the bare vs. slash covered spots was made to ensure that the plastic edge around the arena was in contact with both habitats in an equal way and did not affect the outcome. Consequently, although this arrangement appeared rather complex, it simplified the experiment by enabling a more straightforward inter-pretation of the results. Other types of slash arrangements would also have been possible, but were not tested in the present study.
The experiment
The entire experiment was conducted in darkness to simulate night conditions and to evoke nightactive behaviour (Thiele 1977 , Lindroth 1985 , 1986 . However, since beetles probably cannot apprehend red light (Mentzel 1979 ), a red dark room light was used during parts of the experiment, to enable visual tracking of the beetles. Furthermore, to enhance visualisation of the smaller specimens, a minor white marking was made on their elytra, by use of a drop of white correcting fluid, from a correcting pen.
All beetles were placed in the middle of both arenas and were consequently used twice. Aspecimen was first put in test arena A (with bare ground middle) and then in B (with slash covered middle) or vice versa. The order, of which test arena was first used, was randomized for each specimen. After a test in the first arena, the specimen was instantly removed to rest for~1 hour, before being used again. For each specimen, timing continued for 600 seconds in total and started when the beetle specimen started to move, in any direction. Total time spent in slash versus total time spent on the bare ground out of the 600 seconds was the only factor recorded. No further details on the individual's particular dispersal patterns or moving behaviours were observed or recorded since the present study is focused on the beetle's habitat choice in a setting composed of only two different options (i.e., high complexity/slash covered vs. low complexity/bare ground).
Statistics and analyses
The dataset was small and not normally distributed. Due to related samples (the time spent on bare ground versus in slash) non-parametric Wilcoxon signed ranks tests were used. In the analyses, median time spent in slash, split by species and release spot were used. Furthermore, Spearman rank order correlations were assessed for associations between carabid body weight and time spent in slash. All analyses were carried out by use of the software package "SPSS for Windows, version 13.0" (SPSS Inc. 1989 -2004 ).
Results
The time spent in slash for specimens of P. oblongopunctatus, released on bare ground (arena A), were significantly higher than the time spent on bare ground (Wilcoxon signed ranks test, p = 0.034) ( Fig. 2 and Table 2. ). And once again, when released in slash (arena B), P. oblongopunctatus specimens spent significantly more time in slash than on the bare ground (p = 0.008) ( Fig. 2 and Table 2. ).
However, for C. hortensis specimens, released on bare ground (arena A), no significant difference (p = 0.51) were found, between time spent in slash compared to bare ground (Fig. 2 and Table 2. ). Still, when released in slash (arena B), C. hortensis specimens spent significantly more time in slash than on bare ground (p = 0.001) ( Fig. 2 and Table 2. ).
Spearman rank order correlations, showed no significant relationships between carabid body weight and time spent in slash, neither for P. oblongopunctatus (0.191<p<0.646), nor for C. hortensis (0.750<p<0.923).
Discussion
The results of the present study support earlier results showing that arthropods respond and react towards microhabitat complexity on the micro scale (Thomas & Marshall 1999 , Traugott 2002 , Gunnarsson et al. 2004 , Juen & Traugott 2004 and moreover that arthropods sometimes even actively select a certain habitat patch on the ground (Grez et al. 2005 , Toews et al. 2005 , or may adapt specific moving behaviours or patterns in diverse habitats (Johnson et al. 1992 , Jopp & Reuter 2005 .
There are several possible mechanisms for associations between abundance, distribution or activity of arthropods and habitat complexity, for instance different interactions, such as predation pressure, between individuals . Consequently, a possible reason for the non-significant result of C. hortensis when released on bare ground (arena A), in the present study, might be due to its importance as a predator (or as a successful competitor) for resources. Possibly, C. hortensis does not perceive bare ground as risky and stays searching for prey here, rather than searching for shelter from predators.
Another theory for a specific moving behaviour or habitat choice of some arthropods might be due to their specific body structure (e.g. size and length of extremities), which could affect their locomotive ability or dispersal patterns in or out of complex habitat structures (Farji-Brener et al. 2004 ). Consequently, one reasonable explanation to our results would be that P. oblongopunctatus (which is the smaller species of the two), would move slower and hereby stay longer in slash piles than on the open ground compared to C. hortensis. However, in the present study, we analysed for this and found no associations between body size and time spent in slash.
In a german study, carabid beetles were used to study effects of forest regeneration with selective and small scale clear-cutting on the ground and the results showed that small openings, created after clear-cuttings, probably served as an important retreat for open habitat species and that forest species were preserved during the early phase of the forest regeneration process (Huber & Baumgarten 2005) . In the present study we studied two forest species with similar habitat preferences but there is a possibility that the habitat preference needs further examination. Possibly, extreme conditions of the structural complexity can trigger or enhance, an organisms' preference for a certain habitat. This could explain why we found a difference in behaviour between the two species in our study although they are both regarded as forest species. It has been suggested that carabids can still be restricted to rather specific microhabitat patches in the field (Greenslade 1964) . Gunnarsson et al. (2004) and Åström et al. (2005) earlier showed that removal of logging residue from clear-cuts significantly affected the distribution of arthropods and bryophytes and vascular plants in boreal forests.
Our present results imply that slash on the ground also affects the actual habitat choice (e.g. behaviour) of some beetle species but future studies will have to explore whether the effects described here are due to changes of the microhabitat or due to other prevailing factors and whether the results also hold for other species and groups of arthropods. In particular, studies on possible mechanisms driving the dispersal of arthropods on the micro scale including the specific distribution patterns, in various habitats should be emphasized in the future.
